The Yin-Yang haplotype is defined as two mismatched haplotypes (Yin and Yang) representing the majority of the existing haplotypes in a particular genomic region. the human adenomatous polyposis coli (APC) gene shows a Yin-Yang haplotype pattern accounting for 84% of all of the haplotypes existing in the Spanish population. Several association studies have been published regarding APC gene variants (Snps and haplotypes) and colorectal cancer (CRC) risk. However, no studies concerning diplotype structure and crc risk have been conducted. the aim of the present study was to investigate whether the APC Yin-Yang homozygote diplotype is over-represented in patients with sporadic CRC when compared to its distribution in controls, and its association with CRC risk. TaqMan ® assays were used to genotype three tagSnps selected across the APC Yin-Yang region. Frequencies of the APC Yin-Yang tagSnp alleles, haplotype and diplotype of 378 CRC cases and 642 controls were compared. Two Spanish CRC group samples were included [hospital clínico San carlos in madrid (hcSc) and instituto catalán de Oncología in Barcelona (icO)]. analysis of 157 consecutive CRC patients and 405 control subjects from HCSC showed a significative effect for the risk of CRC (OR=1.93; 95% CI 1.32-2.81; P=0.001). However, this effect was not confirmed in 221 CRC patients and 237 control subjects from ICO (OR=0.89; 95% CI 0.61-1.28; P=0.521). We found a significant association between the APC homozygote Yin-Yang diplotype and the risk of colorectal cancer in the HCSC samples. However, we did not observe this association in the icO samples. these observations suggest that a study with a larger Spanish cohort is necessary to confirm the effects of the APC Yin-Yang diplotype on the risk of crc. 1 laboratorio de Oncología molecular, hospital
Introduction
colorectal cancer (crc) is one of the most common malignancies and the second leading cause of cancer-related death in Spain. an individual's life-time risk of developing crc is 6%, with over 90% of cases occurring after the age of 50 years. together, these facts indicate that crc is an important health concern (1,2). population-based genetic association studies (case control studies) are the most widely used study designs with which to determine the impact of genetic variants on the risk of developing a particular complex disease (3, 4) .
In this way, hundreds of association studies have been performed in order to elucidate the genetic contribution in complex diseases, such as cancer. through these studies several low penetrance genes have been found to behave as cancer risk modifiers, contributing to the understanding of tumor formation in many types of cancers and leading to advances in diagnosis and therapy.
Due to the high frequency of genetic polymorphisms in the human genome and the number of possible haplotypes in a particular chromosomal region, it is difficult to establish the level of similarity between different haplotypes (5) . However, this problem was solved a few years ago through the identification of an exceptionally abundant Yin-Yang haplotype pattern extending 75-80% of the entire human genome (6) . This peculiar pattern is defined as two mismatched haplotypes (Yin and Yang) representing the majority of the existing haplotypes in a particular genomic region. an increase of the recombination rate has been observed in human genome regions with Yin-Yang haplotype structure (6) . The human adenomatous polyposis coli (apc) gene is localized on chromosome 5q21-227 and encodes a multifunctional protein that participates in several cellular processes: cell adhesion and migration, signal transduction, microtubule assembly and chromosome segregation (7) . a somatic mutation in APC is the most common acquired genetic alteration in colorectal adenomas (cra) and carcinomas (crc) and one of the earliest mutation events in sporadic colon cancer (8) (9) (10) . Somatic inactivation occurs in more than 80% of sporadic CRC and it follows the Knudson hypothesis, showing similar incidences of lOh and gene mutation as second events (11, 12 of APC (less than 20%), show tumor microsatellite instability (MSI) (13) while its carcinogenic pathway is different, being affected by the mismatch repair pathway suppressor tumor genes (14) . the APC gene is our candidate gene, since it functions as a gatekeeper of colorectal neoplasia. APC shows a Yin-Yang haplotype pattern described in a European (cEu) population (5) and also in a Spanish population (15) .
Several association studies have been published on APC gene variants and crc risk. many of them analyzed separate SnPs (16) (17) (18) (19) (20) , while a few others analyzed the combination of various SnPs (haplotypes) (21, 22) . However, no studies have been published involving diplotype structure and colon cancer risk.
In this study, we searched for other genetic factors that act as risk modifiers apart from those affecting the DnA sequence. For instance, the similarity between homologous chromosomes at particular loci may affect the recombination rate in these loci and, therefore, may favor the inactivation of particular recessive genes. To test this hypothesis, we present an association study using a specific approach in which this particular structural characteristic (diplotype) acted as a genetic variant. The aim of the present study was to investigate whether the APC Yin-Yang homozygote diplotype is over-represented in patients with stable microsatellite (MSS) sporadic CRC when compared to its distribution in controls, and to establish whether this diplotype is a risk factor for CRC in a Spanish population. Informed consent was obtained from all participants, and the study was approved by the Institutional Review Board of hcSc.
Patients and methods
Cases and controls from HCSC and ICO were matched for age and gender.
DNA isolation. Genomic DnA was isolated from peripheral blood lymphocytes by a salting out procedure (23) or by automatic dna extraction (magnapure ® ; roche) according to the manufacturer's protocol. Tumor DnA was isolated from the dissection of tumor cells from paraffin-embedded tissue (selected on the basis of an h&E-stained slide), using the Qiaamp dna FFpE tissue kit extraction method. dna was quantified using nanodrop ® r (nd 1000) and diluted to a final concentration of 50 ng/µl for genotyping. Genotyping. the APC Yin-Yang haplotype was described by ribas et al (15) in a Spanish population. We chose three tagged SnPs (tgSnPs) (rs2019720, rs2431512 and rs2546108) for the two frequent haplotypes. Although we needed only one tgSnP to test our hypothesis, we used three to confirm the Yin-Yang haplotype structure of our study population. the three tgSnps were selected through the HapMap Phased Haplotype plot and distributed along the APC Yin-Yang region (Fig. 1 ). their heterozygosity index was close to 0.5 (Table I) . Genotyping was carried out by nuclease assay (TaqMan ® ). TaqMan genotyping reagents were designed by Applied Biosystems as Assay-by-Design (Table I) . PCR reaction was carried out according to the manufacturer's recommended protocols in an aBi priSm ® 7900ht System (applied Biosystems). the analysis was carried out with the SDS 2.2.1 ABI software.
Microsatellite instability (MSI
Statistical analysis. Deviations from Hardy-Weinberg equilibrium were tested using the Chi-square test. Two-sided Chi-square tests were used to assess the differences in APC diplotype frequency distributions between cases and controls. Power calculations were performed by Epi-Info 6 program.
Results
We performed a case-control study to investigate the possible association of the three tgSnps selected across the APC gene ( Fig. 1) with CRC risk. Genotyping of the rs2019720, rs2431512 and rs2546108 was carried out in 157 cases and 405 controls from the Hospital Clínico San Carlos in Madrid, Spain (HCSC samples). All tgSnPs tested were in Hardy-Weinberg equilibrium (P=0.17, 0.19 and 0.17, respectively). The genotyping data are available upon request. Yin-Yang haplotypes were established in the HCSC samples. The frequencies in the CRC cases and controls were 52.25% for the GTA haplotype (Yin) and 46.65% for the ACC haplotype (Yang). The remaining 1.1% belonged to other haplotypes. the APC Yin-Yang alleles (Gta and acc, respectively) comprised 98.8% of all of the haplotypes (Table II) .
After genotyping, samples were divided into two subgroups; the homozygote diplotype (Gta/Gta or acc/ acc) and the heterozygote diplotype (Gta/acc). rare haplotypes were not detected in homozygosis, so they were included in the heterozygote diplotype group (Table III) . We observed an increase in the homozygote frequency in the HCSC cases when compared to the HCSC-controls (OR=1.93; 95% CI 1.32-2.81; P=0.001). Statistical power was >80%.
We subsequently decided to validate the positive results in another Spanish group of cases and controls. We genotyped 221 cases and 237 controls from the instituto catalan de Oncologia in Barcelona (cases and controls are described in Patients and methods). The SnPs were also in Hardy-Weinberg equilibrium (P=0.33, 0.23 and 0.37, respectively). The frequencies for the Yin-Yang haplotypes were 51.9 for GTA (Yin), 46.8 for ACC (Yang) and 1.3 for other haplotypes (Table II) . We found very similar haplotype frequencies in the hcSc and icO samples. in relation to the diplotype results we did not find any significant difference in the frequency of the homozygote diplotype between the cases and controls (OR=0.89; 95% CI 0.61-1.28; P=0.521) (Table III) . When we combined the samples from HCSC and ICO to analyze both populations (378 cases and 642 controls) the homozygote diplotype frequency in the cases was 54.2% (Table III) . A slightly significant result was noted (OR=1.3; 95% CI 1.01-1.68; P=0.043) (Table III, Fig. 2 ).
Discussion
With the aim of verifying our hypothesis that over-representation of the APC Yin-Yang homozygote diplotype occurs in MSS sporadic CRC populations, we genotyped three tgSnPs spanning the gene (Fig. 1, table i) .
We assessed the haplotype distribution in the cases and controls of the hcSc and icO populations. all groups showed similar frequencies of Yin-Yang haplotypes (Table II) , indicating no over-representation of a single haplotype in our study group.
Moreover, we found similar frequencies of APC Yin-Yang haplotypes (98.8%) as Ribas et al (25) in a Spanish population (84.1%).
We carried out a case-control analysis of the Yin-Yang diplotype in the HCSC population and observed a significantly increased frequency of the homozygote diplotype in the case group; 61.1 vs. 44.9% in the control group (OR=1.93; 95% CI 1.32-2.81; p=0.001).
In order to replicate our positive results, we repeated the analysis in a second Spanish mSS sporadic crc population confirmed by ICO and compared this group to a control group of the same origin. In this case, the ICO sample did not show a difference between the cases and controls; 49.3 vs. 52.3% (OR=0.89; 95% CI 0.61-1.28; P=0.521).
In the HCSC samples, we found differences in the diplotype distribution between the cases and controls. In contrast, we did not find any difference in the ICO samples. Since the selection criteria for the cases were the same in both populations, these discrepancies may be attibuted to the eligibility criteria for the controls. The ICO controls were enrolled at the national Blood Transfusion Centre, while the HCSC controls were enrolled at the Clinical Pathology Laboratory after filling out a questionnaire, and only those with no history of cancer were chosen. Selection criteria for the ICO control group did not exclude the enrollment of subjects affected with cancer. This fact may also explain the similar homozygote frequencies found in our study between the ICO cases and controls.
Environmental factors also affected the disease prevalence in a different manner in both the populations, so these may have contributed to the observed differences in the diplotype distribution in both samples.
Finally, notably, enough statistical power (>80%) was present to detect an Or as high as 1.9 in the hcSc sample, while enough power was not present to detect a low OR in the ICO samples. Therefore, we cannot discard a weaker effect of the Yin-Yang homozygote diplotype in the icO population, which could not be detected with our sample size.
to resolve this problem, additional studies using different sets of patients and control subjects are warranted, since supporting evidence exits for an association between the APC Homo, homozygote diplotype (ACC/ACC and GTA/GTA); Hete, heterozygote diplotype (ACC/GTA and others); OR, odds ratio; CI, confidence interval. hcSc, hospital clínico San carlos in madrid; icO, instituto catalán de Oncología in Barcelona. Yin-Yang homozygote diplotype and crc risk in the hcSc population.
Although the association between the APC Yin-Yang homozygote diplotype and CRC risk remains to be confirmed, a singular strategy to test the hypothesis has been presented. in this study, a structural genetic characteristic (such as Yin-Yang diplotype) was compared in different groups instead of genetic variants and, therefore, other different mechanisms (such as allelic recombination or gene conversion) were tested instead of allelic functionality. Studies on Snps included in the Yin-Yang structure and crc risk may provide more information than isolated Snps. the selection of cases and controls from different sources must be based on identical criteria in order to compare both populations. a more extensive study is required to support the evidence for the association between the APC Yin-Yang homozygote diplotype and crc risk.
